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Specificat-ion 



The tit-le of the invention: Detector for surface 



deficiency of optical type 



Claims 



1 



A optical type detector for surface deficiency of 



a inspected ob j e c t , ch a r ac t e r i s ed in including a photo 
detector section and a light receiving section separated 
from said photo detector section, wherein said photo 
detector section comprising a laser oscillatig tube 
which generates a laser beam, a lens which collects the 
light beam from the laser tube and focuses to a laser 
spot on the inspected ob j ect-., and a group of optical 
fibers arranged radially toward the location of the 
laser spot, wherein said light receiving section 
comprising a plural of light receivingel ements which 
are mounted on another end of said optical fibers in 
order to receive the laser beam scattered from the 
surface deficiency in the laser spot. 

2. The optical type detector for surface deficiency 
according to Clam 1, characterised in futher including a 
holder and a fixture for the optical fiber group, 
wherein said holder supports the laser tube 

perpendicularly to the surface of the inspected object, 
wherein said fixture for the optical fiber group is 
mounted at the lower end of said holder and includes a 
plural of insertion holes extending outwardly along 
radial directions from the laser spot as a center point. 



-1- 
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wherein each of the optical fibers is inserted and fixed 
into the respective insertion hole, wherein said lens is 
moveably mounted between the lower end of the laser tube 
and the fixture so that the position of said lens can 
freely be adjusted. 

Detailed description of the invention 

The present invention relates to a optical type 
detector for surface deficiency. This optical type 
detector can inspect defects, for example scratches 
(such defects are called as surface defects in the 
followings) oh the surface of a plate of various 
materials sach as silicon wafer. 

Traditional methods detecting the defects on the. 
surface of the plate of various metals and non-metals 
and a wafer of silicon as a semiconductor material, 
have been practiced by manual detection, that is, visual 
detection through naked eyes or a microscope. However, 
these methods are inefficient and futhermore the results 
of the inspection by these methods show substantial 
dispersion due to the difference of persons earring out 
such inspection, so that it will be inappropriate to use 
such methods in the production line. Therefore, it has 

been desired to develope a improved method of the manner 
of automatic detection, in which the surface defects are 
detected optically and the signals obtained from such a 
optical detection are converted to the electrical 
signals and these electrical signals are processed by a 
c omp u t e r . 
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In t-he previous methods of such optical type 
detection of the surface defects, several kinds of light 
sources, light receiving schemes and light sensitive 
elements have been used. For example, the light source 
may be a ordinal illuminating lamp. Then the light 
beam from the lamp pass through a lens system, and a 
light spot with small size can be formed on the surface 
of the plate of the inspected object. As the simplest 
light receiving scheme, it is conceivable that light 
collecting lens are arranged in one side of the surface, 
for example in the slopewise and upward direction from 
the surface of the inspected object and the light 
scattered from the defects on the surface are detected 
through the light collectng lens. But, in this scheme, 
high ability and good performance to detect the defects 
on the surface will not be achieved, because it is not 
easy to make the light spot with small size and to 
obtain high light intensity from the usual illuminating 
lamps. Moreover, since the direction and the intensity 
of the scattered light from the defects depend variously 
upon the type, the shape, and the size of the defects on 
the surface. By arranging the light collecting lens 
described above which is disposed in one side of the 
surface and receives only light scattered into narrow 
angle around the specific direction, it is difficult to 
properly detect the dispersely scattered light. 

Therefore, it has been desired to provide the 
detector for surface deficiency of optial type that has 
high efficiency for the detection of the defects and at 
-3- 
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the same time the construction of the detector is simple 
and maintenance is easy and further adaptable to the 
automatic inspection system in the production line. 

In order to detect the surface deficiency of the 
various materials, the detector for surface deficiency 
of optical type according to the present invention 
illuminates the surface of the inspected object by laser 
light beam and the light scattered from the defects on 
the surface are effectively collected by using a plural 
optical fibers and transmitted to the photo detector 
throug the optical fibers, whereby the intensity and the 
distribution profile of the scattered light can be 
detected. An object of the present invention is to 
provide a optical type detector having a simple 
c on f igu 1 a t io n with efficient collecting ability of the 
scattered light and easy optical adjustment of the 
detector, and at the same time applicable to the 
automatic defect detection system in the production 
line. 

The detector for surface deficiency of optical type 
according to the present invention uses the continuously 
osillating laser as a light source. The narrow light 
beam with h i gh • i n t ens i ty may be easily formed from the 
laser beam by using the appropriate lens. By 
illuminating a small spot on the inspected object with 
the narrow light beam of high intensity, it is possible 
to detect the minute defects on the surface of the 
inspected object. 

The detection of the scattering pattern of the 
- 4 - 
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laser beam by the defects on the surface is practiced in 
the followings. The surface of the inspected object 

is usually polished to the mirror like surface- When 
the laser beam is perpendicularly incident to the 
surface, if there are a small amount of defects on the 
surface, the reflected light beam will mainly return 
parallel to the incident light beam, but with some 
spread due to the scattering by the defects on the 
surface. The degree of the spresd of the reflected 
light beam depends on the factors such as the type, the 
shape, and the size of the defects. Therefore, by 
analysing the scattering pattern of the laser beam, the 
evaluation of said factors of the defects will be 
possible to some extent. If only the defects of the 
same type or the same shape are Inspected and if only 
the sizes of the defects are required to know, it will 
be sufficient to detect only the total intensity of the 
scattered light ( i.e. total of the light intensity 
scattered into various directions), since the light 
intensity of the scattered light varies as a function of 
the size of the defects. 

In the above practice, in order to receive 
effectively the scattered light, it is desired to 
arrange the detecting elements in proximity of the 
defects. According to the present invetion, a plural 
of optical fibers are arranged in proximity of said 
laser spot so as to effectively receive the scattered 
light and then to transmit to the photo detectors. The 
laser light source and a group of the optical fibers 
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receiving the scattered light are made to one body 
structure so that the relative arrangement of them is 
keeped constant. Each of the photo detectors can also be 
mounted at another end of the optical fiberes. Since 
the optical fibers have long size and are flexible, each 
of the photo detectors can be mounted at any adequate 
and desired locations. 

Hereupon, in order to provide effective arrangement 
of a plural of optical fibers, some consideration about 
said arrangement are needed. 

First, if it is assumed that the scattering of the 
light due to the defects on the surface is uniform over 
all directions, it is preferable to arrange sufficient 
number of the optical fibers over all directions. 
However, since the available optical fibers are made as 
a bundle of a number of very narrow optical fiber 
elements and have a circular cross section with diameter 
of several mm and both ends of the bundle of optical 
fibers are usually treated so as to have low loss in 
the transmission of the light at the end planes, it is 
favorable to use such available optical fibers to make 
the construction simple. However, when such a bundle 
of optical fibers ( called simply as optical fibers in 
the followings ) is used, it is important for 
improvement of the efficiency of the detection to use 
adequate number of optical fibers and to arrange them 
appropriately . 

Figure 1 shows a arrangement of the optical fibers 
of the detector for surface deficiency of optical type 
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according t.o the present invention. As is shown in 
Figure 1, ttie laser light 2 is incident pe r p end i cu 1 a r y 
to the surface of the inspected object I and the end 
plane 3 of said optical fibers 3 with circular cross 
section is arranged against the illuminating point 
(laser spot P) to which the laser beam is incident. In 
this arrangement, the efficiency of detection of light 
scattered from the laser spot depends on the angle (X and 
angle 2 0, where is angle between the center line of 
the optical fiber 3 and the surface of the inspected 
object 1 and 2$ is angle which the end plane 3'^ of the 
optical fiber spans against the laser spot P. 

It is assumed that the intensity of the scattered 
light over all directions around the incident laser beam 
2 is uniform as above assumption and the angle is 
taken tobe 45 , If a plural of optical fibers 3 are to 
be arranged with the angle qC on a circule around the 
incident laser beam 2, the distance between the end 
plane 3 of the optical fibers and the laser spot P will 
have a certain lower limit, because the end 3 of the 
adjacent optical fibers in lateral direction may contact 
each other when said distance become smaller. On the 
other hand, even at the limiting distance of proximity 
between the end plane 3 and the laser spot P, the end 
plane 3^ and the inspected object 1 will not contact 
each other. Figure 2 shows an example of projection 3'^ 
of the ends plane 3^ of the six optical fibers to the 
surface of the inspected object 1, In Figure 2, said 
six optical fibers are disposed on a circule around the 

-7- 
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laser beam 2 with the angle from the surface of the 
inspected object 1 and these fibers will be near the 
limiting distance of proximity. 

On the other hand, as is shown in Figure 1, the 
ends of the optical fibers are arranged on a semisphere 
whose center is the laser spot P and radius R is the 
distance from the laser spot P to the ends of the 
optical fibers. The ratio of total of the areas of the 
end planes of all optical fibers ( the number of the 
optical fibers is n ) to the area of the surface of the 
semisphere may approximately be regarded as a detection 
efficiency of the scattered light. Figure 3 shows 

approximate values of said ratio as a function of n 
{ the angle CK- is taken to be 45'' ) . In the case of that n 
is larger than six, tlie ratio become small. Therefore, 
in order to improve the detection efficiency, it is not 
effective to increse n. 

However, the optical fibers 3 has a characteristics 
that t ransmi tt i vi ty of light from the outside into the 
optical fiber decreases with increasing of the incidence 
angle, since the reflectivity of light at the surface of 
the optical fiber increses with the incresing incident 
angle. Then the incidece angle to the end plane 3 of 
the optical fiber 3 will has essentially a upper limit, 
over which the i nc i den t 1 igh t can not substantially 
transmit into the optical fibere. Figure 4 shows an 
example of such a characteristics. The angle shown 
in Figure 1 will decrease with increasing n, the number 
of the optical fibers. Figure 5 shows the calculated 
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values of 6 as a function of n, where the optical fibers 
are arranged as described above. 

Taking into account of the characteristic curves 
shown in Figure 4 and Figure 5, when the number n become 
small, the light intensity reflected by the end plane of 
the optical fibers increase, hence the light intensity 
transmitted into the optical fibers and hence reached at 
the photo detectors decrease. While, when the number n 
become large, the quantity of receiving light increase 
by the reason of the ratio of area. Thus, the 
receiving efficiency of the scattered light are 
influenced by two factors, that is, the ratio of the 
areas and the number n. But the influence of said two 
factors has opposite tndencies. Considering said 
tendencies, it is most preferable to make compromise the 
influencies of these two factors- Considering the 
results shown in Figure 3, Figure 4, and Figure 5, it 
will be most preferable to use the number n of 4 or 6. 
For example, when n=6, the ratio of the area is about 
40%, but is about 20%, hence the loss by the 
reflection is rather small and the total efficiency 
receiving the scattered light will be acceptable. 

Next, in the followings, a distribution pattern of 
the intensity of the scattered light will be descrelbed. 
Since the signals detected by each optical fiber 3 
represents the light intensity scattered into those 
positions ( directions } , the more the number n of the 
optical fibers increase, the more the accuracy of the 
distribution pattern of the scattered light is improved. 
-9- 
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It- will need t.o be at, least n=6(in this case, the 
distinction of the direction by 60 may be possible) . 
As the more accuracy is required, it is necessary to 
take n=9 or n=12. 

In each case described above, the predetermined 
number of the optical fibers should be arranged as much 
near the laser spot P as possoble. Hence, in order to 
arrange and fix the optical fibers precisely, it is 
irapo.rtant to use a fixture. An embodyment of the 
fixture will be descreibed later. 

Now, essentials of the photo detector are 
described. When it is required to detect only total 
amount of the scattered light, all another ends of a 
group of the optical fibers are bundled together and the 
output light from this another end of this bundled 
optical fibers is suppleid to a photo detector, for 
example photomu It ipl ier . In this case, a fixture for 
a bundle of the optical fibers should be used. On the 
other hand, when it is required to detect the 
distribution pattern of the scattered light, each of a 
plural of photo detectors , for example PIN photodiode, 
is mounted to each of a plural of optical fibers 3. 

Figures 6 { a ) , ( b ) a nd ( c ) show a schematic drawings of 
an embodiment of the detector for surface deficuency of 
optical type according to the present invention. 
Figure 6(a) shows a side view, (b) a plane view in part 
and <c) a vertical cross sectional view in part. 

In these drawings, a laser tube 4 is disposed and 
fixed inside a holder 5 by means of a plural of set 
-10- 
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screws 6. The holder 5 may make with metals such as 
aluminium. A fixture 9 for the optical fibers is 

mounted in the bottom of the holder 5. The fixture 9 
has ring like shape and may make with metals such as 
aluminium. The fixture 9 has a plural of set screws 17 
around it. Said fixture 9 and holder 5 have a plural 

of insertion holes along oblique directions toward the 
center axis of the holder 5. The number of the holes 
is same as the number of the optical fibers. The 
optical fibers are inserted into said holes and are 
fixed by the set screws 17 after fine adjustment of the 
positions of the optical fibers 3. 

Next, a mechanical structure to mount the lens will 
be explained. As is shown in Figure 6(c) , in the. inner 
side of the lower part of the holder 5 a fixing ring 18 
for the lens are mounted on the upper surface of said 
fixture 9 and a rotating ring 19 with a dial 8 is 
mounted rotatably on said fixing ring 18 by a press down 
ring 20 . 

On the other hand, in a inner tube for lens 21 the 
lens22 is mounted and fixed by a lens mounting element 
22' , and the inner tube for lens 21 is fixed to a outer 
sylinder for lens 24 by means of a screw 24, A 
adjusting screw 25 is made on the outer surface of the 
outer sylinder for lens 24. As a adjusting screw 25 is 
engaged with the inside screw of the rotating ring 19, 
when the dial 8 is rotated, the outer sylinder for lens 
23, hence also lens 22, can move vertically, so that 
adjustment of focusing of the lens is carried out. As 
-11- 
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can be seen in Figure 6(a), the dial 8 faces to a window 

7 of the holder 5, so that it is easy to rotate the dial 

8 exrernally, and moreover in convinience of adjustment 
a scale is provided in proximity of said dial 8. 

A pin-hole plate 26 is mounted at a upward position 
of the inner tube for lens 21. The pin-hole plate 26 
serves for cutting unnecessry sidewave which is 
associated with the laser beam and to improve the signal 
to noise ratio. If it is required to change a diameter 
of the pin-hole, it is easy to exchange the pin-hole 
plate to another one with another diameter. 

A way to change the diameter of the laser spot will 
be explained. In this embodiment, the lens 22 having 
adequate focal length is used so that the laser spot 
with diameter from a ten and several micrometer to 
several tens micrometer may be formed. The exchange of 
the lens 22 is practiced esily by exchanging the lens 
mounting element 22 or the inner tube for lens 21. 
When the output beam ( its diameter is about 1 mm ) from 
the laser tube wants to use as it is, lens 22 is merely 
removed . 

Next, the vertical movement control mechanism of the 
holder 5 and the fixing method of the whole of the 
detector will be explained. First of all, the vertical 
movement of the holder 5 is practiced by using a roller 
guide 13 which has very small loseness. The roller 
guide 13 comprises a fixed block 13-1 and a moving block 
13-2, and they are slidably mounted through the roller 
guide 13. The preciseness of this mounting is high 
- 1 2- 
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degree and in t-his mounting there is substantially no 
loseness. The fixed block 13-1 and the moving block 

13-2 of the roller guide 13 are fixed to a stand 14 and 
the holder 5, re spect ivr ly . When a fine adjustment 
screw rod 12 is rotated by operating a thumb nut 11, 
since the moving block 13-2 is engaged with the fine 
adjustment screw rod 12, the moving block 13-2 and 
consequently holder 5 can move vertically. By using a 
sliding pin 15 and a clamp 16, they can be set at a 
adequate position. 

Said stand 14 is also fixed at a predetermined 
location of an another automatic inspection apparatus. 
In this case, in order that the laser beam can scan whole 
surface of the inspected object 1, the stand 14 should 
be fixed to a moving part of said automatic Inspection 
apparatus, whereby the whole of the detector can move. 
Therefor, each part of said detector including the 
stand 12 should have sufficient strength which withstand 
against the disturbances such as vibration. 

In a embodiment described above, an example has 
been explaned in that the angle (X is about 45 , where OC 
is the angle between the optical fiber 3 and the surface 
of the inspected object 1, However, according to the 
type and the nature of the defects and the 
characteristics concerning the direction of the 
scattered light, said angle (X may need to take angle 
other than about 4 , for example 3 o'^ and 60° . These 
angle 0(. can be practiced by merely changing of said 
fixture 9 and the direction of the holes of the holder 

-13- 
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5, so on. Therefore, in t.he detect.or for surface 
deficiency of optical type according to the present 
invention which a plural of the optical fibers 3 are 
arranged radially, it is possible to use arbitrary angle 
of OC and any number of op t i c a 1 f ibe r s other than three 
fibers . 

Figures 7(a) and (b) show a schematic structure of 
an embodiment of the element of the photo detector for 
surface defects according to the present invention. As 
is shown in Figure 7<a), the end portions of the optical 
fibers 3 are inserted into the holes 32 which are formed 
in the fixture 31, whereby a plural of the optical 
fibers 3 are gathered compactly. The fixture 31 is 
mounted to the magnetic shield case 29 of a 
photomutiplier 28 by a adequate fixing devise 30. 
Thus, the end portions 3 of the optical fibers 3 are 
disposed in the proximity of the effective plane of the 
photomutiplier 28, so that the photoelectric conversion 
is carried out. In this case, the total power of the 
light received by all optical fibers is converted to 
electric power. 

In Figure 7(b), each of photo detector, for example 
PIN photodiode, corresponds to each optical fiber 3, 
where the end portion 3 of the optical fiber 3 may be 
disposed in close proximity of the PIN photodiode 34 by 
means of using the fixing device 33. Though it is not 
shown in Figure 7, it is a matter of course to require a 
adequate cover case which blocks the exterior light to 
enter inside the fixing device 33. 
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It is needless to say that the type of the photo 
det-ector and the method fixing the optical fibers 3 
described above are merely an example. 

As is described above, the detecting section of the 
photo detector for surface deficiency of optical type 
according to the present invention comprises laser tube, 
lens which collects the laser beam from said laser 
oscillating tube and a group of the optical fibers which 
are arranged radially and pointed toward the laser spot 
formed in front of the lens. Said photo detector can 
effectively detect the light scattered to nearly overall 
direc-tions from the surface defects. Since the light 

receiving section has simple construction, the photo 
detectors are merely disposed in proximity of another 
ends of a group of said optical fibers, and optical 
adjustment and maintenance of them are easy. 

Furthermore, since all elements of the detecting section 
except the photo detectors are formed into one body and 
this body is made as a separated body from the photo 
detectors, the detecting section can have a compact 
construction and can be mounted on the moving block of 
the automatic inspection apparatus. On the other hand, 
the detecting section can be set at a arbitray location 
as a separate one. Hence, the detector for surface 
deficiency of optical type according to the present 
invention is usefully applicable to the automatic 
inspection apparatus in the production line. 



Brief description of the drawings 
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Figure 1 is a diagrammatic side view showing 
arrangement, of a optical fiber in the detector for 
surface deficiency of optical type according to the 
present invention. 

Figure 2 is a projection drawing of the end planes 
of the optical fibers to the surface of the inspected 
object. 

Figure 3 is a characteristic curve showing the 
ratio of the area of the end plane of the optical fiber 
to the area of the semisphere. 

Figure 4 is an example of characteristic curve 
showing the percentage of light intensity transmitted 
into the optical fiber as a function of incidence 
angle Q . 

Figure 5 is a characteristic curve of the maximum 
incidence angle as a function of the number n of the 
optical fibers in the arrangement of the optical fibers 
in the detector for surface deficiency of optical type 
according to the present invention. 

Figure 6 ( a ) , ( b ) and ( c ) are drawings showing the 
construction of an embodiment of the detector for 
surface deficiency of optical type according to the 
present invention. 

Figure 7(a)and(b) are drawings showing the 
construction of an embodiment of the detecting section 
of the detector for surface deficiency of optical type 
according to the present invention. 

Description of the referece number 
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1 Inspeted object 

2 laser beam 

3 optical fiber 

4 laser oscillating tube 

5 holder 
6,17,27 setscrew 

7 window 

8 fine adjustment dial 

9 fixture 

10 inlet port for power supply line 

1 1 thumb nut 

12 fine adjustment screw rod 

13 roller guide 
13-1 fixed block 
13-2 moving block 

14 stand 

15 sliding pin 

16 clamp 

18 fixing ring 

19 rotating ring 

20 press down ring 

21 inner tube for lens 

22 lens 

23 outer sylinder for lens 
24,25 screw 

26 pin hole plate 

28 photomutiplier 

29 magnetic shielding case 

30 fixing device 
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31 fixture 

32 hole 

33 fixing device 

34 photo detector 
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